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The extensive data recorded by Earnest Hooton (1930) during his years of 
work on the analysis of the remains recovered from Pecos Pueblo provides an 
excellent database for reconsidering his conclusions within a modern context.   
The first issue addressed in re-examining Hooton’s data relates to the sex 
estimations made for the Pecos sample.  Researchers, specifically Ruff (1991), 
questioned the highly biased sex ratio that Hooton reported for the sample.  Using 
the craniometric and postcranial metrics data that Hooton collected it was possible 
to re-evaluate Hooton’s sex estimations by utilizing discriminant function 
analysis in order to establish a more accurate sex ratio for the sample.  The 
discriminant function analysis showed that in fact, as Ruff (1991) suggested, 
Hooton and Todd probably overestimated the number of males in the sample.   
In addition to the sex estimations, the biological distance of the Pecos 
sample is examined.  In his analysis Hooton merged the sample into groups by 
dividing the glaze chronology into larger groupings in order to maximize the 
sample sizes.  A biological distance matrix is constructed using both craniometrics 
and cranial nonmetric traits in order to determine the validity of Hooton’s 
divisions, and to analyze the population structure.  The distance matrices from 
these two types of data give contradictory results about the temporal trend in the 
population make-up at Pecos. 
Health and stress were examined by looking at changes in asymmetry and 
sexual dimorphism from the initial occupation of the pueblo to the introduction of 
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Europeans and eventual abandonment of the pueblo.  The asymmetry analysis 
revealed the greatest amount of fluctuating asymmetry for all traits combined in 
the earliest time period, with the amount of FA decreasing through time.  The 
results of the sexual dimorphism analysis revealed a similar pattern to the 
asymmetry results.  The mean MDI in the early time period was the least for all 
significant traits, and the MDI generally increases through time, with the MDI 
being greatest in the latest time period for all measurements except the 
anterior/posterior midshaft of the femur.   
Next, migration is examined by calculating the surplus variation present at 
Pecos by comparison to the sample from the Larson site, a population known to 
have little variation.  Variation is significantly greater for all time periods of the 
pooled sexes and throughout the male samples.  The greatest variation for pooled, 
males and females exists in Glaze IV during the building the large pueblo and the 
establishment of Pecos as a major trading center between the Puebloan and Plains 
populations, when many people must have been arriving at the pueblo.  The 
variation among the females is significantly greater in the early time periods, but 
significantly less in the later time periods.  Overall, the female variation is less 
then or equal to the male variation across all time periods and never exceeds the 
male variation.  The surplus variation analysis will be used to give an indication 
of the migration pattern at the pueblo.  The paleodemography of Pecos is the final 
analysis performed on the sample.  The paleodemography of Pecos confirms much 
of the previously mentioned patterns from the earlier analysis of the health and 
stress patterns seen at Pecos.  The early time period appears to be most different 
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from the middle time period, but not different from the late time period.  It is 
apparent from the results of the analysis that the construction of the pueblo 
created a significant change in the people of Pecos.  However, the significant 
variation among the time periods suggests that migration is also likely influences 
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Earnest Hooton’s The Indians of Pecos Pueblo (1930) an analysis of the 
human remains recovered from the Pecos Pueblo site in New Mexico, has been 
cited in more than 90 articles since 1970.  The many researchers who still reference 
Hooton’s influential work demonstrate the continued relevance of the Pecos 
sample to the field of physical anthropology.  Even with the reburial of the 
remains, there is still a great deal of research potential in the Pecos sample.  The 
extensive data recorded by Hooton during his years of work on the analysis of the 
remains provides an excellent database for reconsidering his conclusions within a 
modern context.   
The development of new technologies and the abandonment of outdated 
racial theories give the renewed possibility for a deeper understanding of the 
population makeup and health status of the Pecos people.   Even in the decade 
following Hooton’s work, continued publication on the archaeological 
investigations at Pecos produced new conclusions from those on which Hooton 
based his results.  For example, a revised chronology of Pecos was developed that 
reflected 500-year occupation of the site rather than the initial estimation of more 
than one thousand years of occupation (Kidder 1936).  The benefit of later 
interpretations of data from Pecos provides modern researchers with a more 
accurate and complete picture of the history of Pecos.  The history and 
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archaeology of Pecos are outlined in Chapter II.  Though Hooton’s analysis was 
based on archaeological evidence that was later revised, the Pecos collection still 
provides a large sample with a well-documented chronology to which modern 
biological anthropological methods can be applied.  The first issue to be addressed 
in re-examining Hooton’s data relates to the sex estimations made for the Pecos 
sample.  Researchers, specifically Ruff (1991), questioned the highly biased sex 
ratio that Hooton reported for the sample.  Using the craniometric and postcranial 
metrics data that Hooton collected it is possible to re-evaluate Hooton’s sex 
estimations by utilizing discriminant function analysis in order to establish a 
more accurate sex ratio for the sample.  In addition to the sex estimations, the 
biological distance of the Pecos sample is examined.  In his analysis, Hooton 
merged the sample into groups by dividing the glaze chronology into larger 
groupings in order to maximize the sample sizes.  A biological distance matrix 
will be constructed using both craniometrics and cranial nonmetric traits in order 
to determine the validity of Hooton’s divisions and to analyze the population 
structure. 
Once any discrepancies in Hooton’s classifications are corrected, it will be 
possible to use the metric data from Pecos to look for changes that occurred at the 
pueblo over time.  The paleodemography of the population is examined in this 
research.  Several factors can contribute to changes in demography for a 
population, including changes in the health of the population and migration 
patterns.  Therefore in order to interpret the results of the paleodemography it is 
important to examine each of these factors.  First, health and stress will be 
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examined by looking at changes in asymmetry and sexual dimorphism from the 
initial occupation of the pueblo to the introduction of Europeans and eventual 
abandonment of the pueblo.  Next, migration is examined by calculating the 
surplus variation present at Pecos by comparison to the sample from the Larson 
site, a population with little variation.  The surplus variation analysis will be used 
to give an indication of the migration pattern at the pueblo.  The 
paleodemography of Pecos will be the final analysis performed on the sample.  
The paleodemography of a population can reflect the health and migration of 
people, therefore the earlier analysis on asymmetry, sexual dimorphism, and 
surplus variation will be useful in understanding the paleodemography of the site.  
Furthermore, the entirety of these calculations will give some indication of the 
changes that occurred at the pueblo during the periods of building and decline.  
Finally, this re-evaluation allows the opportunity to comment on the relationship 
between the methods used to assess health, sexual dimorphism, asymmetry, and 
paleodemography.   
 4
Chapter 2 
The History and Archaeology of Pecos Pueblo 
 
 This chapter will provide an overview of the history of Pecos and the 
previous studies performed on the human remains recovered from Pecos.  In order 
to place the analysis of the human remains from Pecos pueblo within an historical 
context it is necessary to review the general history of the site.  The history of 
Pecos is documented through archaeological evidence and the historic documents 
from European missionaries and explorers.  Following a brief review of the history 
of the site, procedures and conclusions on the initial analysis of the remains by 
Hooton are summarized.  Next, I outline recent analysis of the remains and 
provide a literature review of the analyses performed in this study including sex 
estimation, biological distance, asymmetry, sexual dimorphism, surplus variation, 
and paleodemography.  
 
The History of Pecos Pueblo 
The Pecos Pueblo site is located one mile west of the Pecos River in north 
central New Mexico, near Santa Fe.  The pueblo was built on, “the flat top of a 
long, narrow tongue of rock which stands well above the surrounding land and 
from which one can look out over the whole country,” (Kidder 1962:61).  Alfred 
Kidder was the archaeologist who performed the excavations at Pecos beginning 
in 1915.  He puts forth two hypotheses of the origins of the earliest inhabitants of 
the eastern region of the Southwest.  In early analysis, Kidder supposed that the 
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people had come from the east and adopted a Puebloan way of life (Kidder 1936).  
However, in later works Kidder describes the earliest inhabitants as coming from 
the west (Kidder 1962).  This question remains unanswered throughout Kidder’s 
writings.  While the earliest origins of the Pecos peoples are unknown, early sites 
around Pecos have provided important information on the formation of the site.  
The Forked Lightening Ruin located near Pecos is thought to be the precursor of 
the pueblo.  Forked Lightening is similar to other early settlements in the area.  
The Forked Lightening site was found to be large and sprawling.  There was no 
defensive organization to the site, leading Kidder (1962) to believe that at the time 
of the Forked Lightening occupation the people living in the area did not face 
many aggressors.  Apparently, later people were concerned with defense and the 
Forked Lightening site was abandoned.  The Forked Lightening residents moved 
to the more easily defensible, rocky hilltop at Pecos during the Black-on-White 
pottery phase.  Kidder observed,  
Such an ideal combination of easily defensible building site and abundant 
water supply could not fail to appeal to the ancient village Indian, and the 
Pecos mesilla was settled in very early times.  It eventually grew from a 
small town to a very large one, and at the time of the coming of the 
Spaniards it contained, without much doubt, more human beings than any 
other permanent community in what is now the territory of the United 
States (Kidder 1963:61). 
 
The earliest history of the Pecos site is of a small, struggling community.  
The structures at Pecos Pueblo were built from quarrying sandstone near the site.  
The earliest stonework at Pecos used the best construction techniques with 
construction techniques deteriorating through time (Kidder 1958:55).  Kidder 
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discovered that part of the pueblo built during the Black-on-white phase had been 
burned.  Due to the inflammable construction materials used in the pueblo 
construction, Kidder suspected that attackers had burned the area, however, he 
was not able to gauge the extent of the destruction.  Another fire was detected 
during the late Glaze II or early Glaze III period.  From archaeological evidence it 
appears that during the early period of Pecos the inhabitants encountered a great 
deal of hostility from surrounding groups. 
There was a great deal of construction done during Glaze I and II phases, 
though much of it was later destroyed.  Evidently, people living at the site would 
move around the mesilla a great deal.  Kidder found that rather than repairing 
buildings they would move to a new location on the mesilla and rebuild using 
materials taken from the old buildings (Kidder 1958: 59).  Following Glaze II, a 
period of intensified construction began as people from the communities 
surrounding Pecos, and people moving in from the east, began to abandon their 
towns and relocate to Pecos.  The speed with which the construction took place 
helped to make stratigraphy of the site more definitive.  Up until this point 
construction on the site had proceeded with no plan.  The community was built 
from a series of rooms as the need for additional space grew (Kidder 1958).   
Perhaps because of the fire on the mesilla during the Glaze II or III 
periods, “the former straggling one -story community was pulled together, so to 
speak, during the first years of Glaze III.  A compact, four-sided, multistoried 
pueblo was built around a spacious courtyard,” (Kidder 1958: 63).  The architecture 
that arose in the Glaze III period was unique to the area.  The highly structured 
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layout of the city was in definite contrast to earlier phases.  The design of the city 
made it easily defensible, and the structure left a strong impression on the first 
Europeans to encounter the city.  The houses were built so that the entrance was 
through a trap door in the floor of the house with a ladder, which could be pulled 
up during an invasion.  Kidder found excavation of these structures especially 
difficult because of their poor construction.  Furthermore, he found that rooms 
that were added on to the original construction were unstable because they had 
been built on uneven ground over earlier structures.  As construction continued to 
add to the size of the pueblo, more and more of the structures were compromised 
because of the poor choice of building area.  Kidder observed of one doomed add-
on, 
I can only surmise that this very unwise move, which ultimately led to 
settling of foundations and canting eastward of most north-south walls, 
was made when the builders had lost all memory of the fact that firm 
bedrock was no longer close below, (Kidder 1958: 79).   
 
This observation adds further evidence to Kidder’s hypothesis of the movement of 
new groups of people into the pueblo throughout this building period.   
The building of the large sites all around the Southwest has been the 
subject of much study.  The phenomenon of the aggregation of large groups of 
people across the southwestern region at approximately the same time is an 
interesting one.  Pueblo III, 1150-1350 AD, is the period generally associated with 
the building of large pueblos.  Kidder was the first to define the Pueblo III period, 
and gave several criteria for identifying the period, most importantly the presence 
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of big sites.  He termed this stage the “Great Period” of Puebloan cultural 
development (Kidder 1958).  Alder elaborated on Kidder’s findings when he states,  
The attainments in grand architectural scale, ceramic and decorative arts, 
and other manufactures (cotton especially) were, in Kidder’s estimation, 
the results of territorial contraction, increasing aggregation, and the 
coalescence of defense-minded Puebloan populations into thriving, 
specialized communities, (Alder1996: 3).   
 
The dates of Pueblo III found at other pueblo sites do not fit well into the 
chronology of Pecos, as the same characteristics of the period do not begin 
appearing at Pecos until well into the Pueblo IV period (Spielmann 1996).   
Spielmann puts forth several explanations for the coming together of large 
communities during this period in the eastern borderland region that includes 
Pecos.  The researcher suggests that the large increase in population in this region 
can be accounted for by immigration.  He states, “These populations may have 
emigrated from areas that had already experienced aggregation and thus were 
largely replicating a preexisting organization,” (Spielmann 1996: 184).  Another 
interesting catalyst for aggregation that the author suggests is environmental.  
Analysis of the rainfall in the region found that all areas with mean precipitation 
values above the regional mean experienced Pueblo III aggregation, and in all 
areas below the mean there was no Pueblo III aggregation (Rautman 1990).  
Precipitation in the area from 1200 to the early 1400s was punctuated by periods of 
high rainfall and severe droughts.  Spielmann found that those areas with less 
predictable rainfall were abandoned and those with more predictable rainfall 
increased in size, (Spielmann 1996).  A third hypothesis that Spielmann (1996) 
suggests for the aggregation of peoples in the eastern borderlands is a land tenure-
 9
use rights model, or the need to legitimize access to high quality agricultural land.  
The author proposes that the aggregated pueblo settlement pattern, as opposed to 
the dispersed hamlets, was more favorable in maintaining and defending land use 
rights in areas with limited productive agricultural lands.  In other words, in areas 
in which one group had previously hunted and collected, that group may have had 
land use rights and they therefore established the large pueblo as agricultural 
practices took hold. 
At the time of the Spanish arrival at Pecos, or Cicuye, as the early 
explorers first termed the pueblo, in 1540 AD the population is estimated to have 
been two thousand people (Kessell 1979).  Pecos was the largest, easternmost of the 
Puebloan city-states.  The people of Pecos spoke the Towa language, the same 
language spoken by the people of the Jemez pueblo sixty miles to the west (Kessell 
1979).  The Spaniards reported that all of the more than one hundred pueblos that 
existed in the region were politically autonomous and spoke eight or more 
mutually unintelligible languages between them.  The people of Pecos pueblo were 
respected and feared by their neighbors.  Located on the borderlands between the 
pueblos and the plains, Pecos was a center of commerce.  Kessel (1979) suggests 
that at the time of the European arrival factionalism had already begun to take 
root in the Pecos community.  He states,  
Living together in such close quarters, the Pueblos had long striven for 
conformity of behavior.  Passive assents to the group will, suppression of 
individualism, and the pursuit of uniformity in all things characterized 
Pueblo tradition.  There was no place in the rigidly controlled Pueblo 
community for the boastful self-assertiveness esteemed by some  plains 
tribes, (Kessell 1979:12).   
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Soon after the Spanish arrival in 1540 AD Pecos fell under European 
control.  When the first explorers left Pecos after the winter of 1542 AD, they left 
behind two Christian missionaries and the first livestock introduced into the 
United States, (Kidder 1962).  When the Spanish returned 50 years later the friars 
had been killed, and the pueblo had to once again be taken by force.  The Spanish 
maintained control of the eastern pueblos until 1680, when a large revolt took place 
and all of the Spanish settlers were killed or fled the area.  For the next twenty 
years the Spanish attempted to regain control of the region, and in 1700 Spanish 
control was restored.  After the re-occupation of Pecos in 1700 the pueblo began a 
steady decline, which ended in its abandonment in 1838.  In 1750 almost every 
warrior in Pecos was killed in a failed attack against the Comanche, and in 1788 a 
small pox epidemic killed all but 138 people.  Finally, in 1838 the remaining 17 
individuals living at Pecos left the pueblo and joined the Jemez people (Kidder 
1963, Kessell 1979). 
 
Archaeological Investigations at Pecos Pueblo 
 Phillips Andover Academy began excavations at Pecos Pueblo under the 
direction of Alfred Kidder in 1915.  His goal in the excavations was to uncover the 
stratified remains of a site in order create a chronology for the Southwest.  The 
vast amount of pottery found at Pecos provided Kidder with the means to develop 
his chronology of the Southwest.  The changing pottery styles discovered at 
Pecos, along with the correlation of dendrochronology samples provided 
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researchers with fairly precise dates for the site.  The pottery classification system 
that Kidder introduced continues to be used in Southwestern archaeology today. 
 Pottery styles provide the primary source for documenting the chronology 
at Pecos.  Kidder and Shepard (1936) give a detailed description of the pottery 
styles and technologies utilized during the pueblo’s occupation.  The progression 
of pottery styles shows the evidence of change over time at the pueblo and gives 
insight into the meaning of the results of the biological analysis.  Kidder (1936) 
divides the pottery styles into three main stages; Black-on-white, Glaze, and 
Modern wares.  The Black-on-white pottery was found throughout the region 
from before the pueblo was established until well after it’s founding.  The Black-
on-white style was succeeded by Biscuit ware and Glaze ware.  The two 
distinctive wares co-existed at Pecos for many years, with seemingly no  influence 
of one style on the other.  Glaze ware was more popular at Pecos, and remained in 
use for more than three hundred years.  According to Kidder “earlier Glazes were 
almost certainly not of local or even regional manufacture. . .Glaze I made its 
appearance suddenly and in fully perfected form,” (Kidder 1936:1).  This 
observation suggests the pottery was introduced either by trade or foreign 
immigrants.  Glaze II is a transitional ware between Glaze I and III, possibly 
resulting as glaze manufacturing began to occur at the pueblo.  The dividing line 
between Glaze III and Glaze IV is more easily defined.  Kidder writes, “Glaze IV 
owed its presence to the taking over, lock stock and barrel, of a type developed 
elsewhere.  And I believe that the metamorphosis must have been stimulated and 
hastened by strong external influences,” (1936:161).  Glaze V is also distinctive 
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from earlier glazes because it was used at the pueblo for the longest time, was the 
only glaze which originated at Pecos, and the style only established a local 
distribution.  Glaze VI represents a decline in the pottery skills and a degeneration 
of style (Kidder 1936).  An analysis of the materials in the Glaze VI wares shows 
that the pottery was probably all imported.  The Modern period is defined by the 
return to vegetable extracts for paint, as in the Black-on-white period, with some 
element of the glaze style being retained.  Shepard (1936) concluded that the 
Modern wares were also likely imported, because the clay that they are made from 
was not found anywhere in the Pecos Valley.  She goes on to state,  
A large volume of trade and dependence of Pecos upon the more centrally 
located villages was hardly expected and such a conclusion is difficult to 
accept in view of the generally prevalent concept of the pueblos as 
independent economic units.  The findings suggest a degree of 
specialization and industrialization which had not been anticipated. . . 
Pecos, in its peripheral position, was in contact with Indians of the Plains 
and may therefore have been one of the chief trading centers of its time, 
(1936:581).   
 
In the conclusion of the pottery analysis Kidder states the main question related to 
the present study, “Is there any evidence that differences in technique are due to a 
mingling of peoples; in other words, do subtypes represent the work of a foreign 
element resident in the village?”  (1936:582).  The relationship between changes in 
the Pecos population and the changes in pottery styles will be addressed in the 
biological distance ana lysis.  
Human remains were discovered in the first days of the excavation and 
continued to be uncovered until the excavation ended.  Most of the burials could 
be placed within the chronology of the site because of the pottery buried with the 
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individuals or the surrounding artifacts.  During the fourth field season, in 1920 
Dr. Earnest Hooton agreed to begin study of the human remains from Pecos.  The 
human remains representing more than 700 individuals that had been excavated 
up until that point were shipped to the Peabody Museum at Harvard University 
where Hooton served as the Curator of Physical Anthropology.  Kidder had great 
hopes that the analysis of the skeletal remains could provide answers about the 
history of the site.  The main research questions that Kidder proposed for the 
skeletal analysis included the size of the prehistoric Pueblo tribes and the racial 
affinities of the tribes.  Other questions that Kidder posed were the unity of the 
Pecos people at different times, mortality rates, and disease patterns (Kidder 1958). 
 
Research on the Skeletal Remains from Pecos 
Hooton published, Indians of Pecos Pueblo, in 1930.  The excavations at Pecos 
uncovered almost 1900 burials, however Hooton’s publication only includes burials 
excavated until 1924, totaling 1254 burials.  Hooton’s metric analysis included 441 
individuals, the rest of the skeletons were excluded because of their fragmentary 
state or immaturity.  In his metric analysis Hooton took 28 cranial measurements, 
28 postcranial measurements from both the right and left sides, and calculated 18 
indices.  He also documented nonmetric traits of the crania and postcrania.  In 
addition to the metric and nonmetric observations from the Pecos collection, 
Hooton divided the complete crania of the adult males into morphological racial 
types.  Furthermore, Hooton provides a summary of the pathologies in the 
population and a demographic study of Pecos.  The treatment of such a large 
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population across a long time span was a massive undertaking.  Hooton’s 
treatment of the Pecos sample set a standard for early American biological 
anthropology.  Hooton’s analysis of Pecos remains an important landmark for 
anthropology today. 
In the introduction of his publication Hooton states,  
The Pecos people seem not to have excelled either in architecture or in the 
arts.  Their buildings were wretchedly constructed; their pottery in no 
period attained to the standard of excellence found among most of the 
Pueblo peoples in prehistoric or even in modern times; their tools, utensils, 
and weapons were commonplace, (Hooton 1930:12).   
 
While Hooton was apparently unimpressed with the Pecos way of life, he offers 
several conclusions on the Pecos skeletal series.  He found that the crania from the 
earliest time periods were the most he terogeneous, while later crania exhibit 
greater homogeneity.  The opposite trend was found in the postcranial remains.  
However, Hooton only intuitively perceived these trends, and he could not find 
any statistically significant differences between the time periods.  Moreover, 
Hooton was not able to detect any changes in the skeleton corresponding to 
pottery phase changes, which would indicate the introduction of new people in the 
series.  In addition to this line of inquiry, he also looked for morphological types 
within the sample.  Hooton grouped the complete male crania from the series into 
eight racial types and termed them according to similarities with other racial 
types.  His types included Basket-Maker, Pseudo-Negroid, Pseudo-Alpine, Long-
faced European, Pseudo-Australoid, Plains Indian, and Large Hybrid.  Hooton 
reported that he could detect a statistically significant difference between the 
frequencies of racial types through time.   
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Hooton begins his study of Pecos by giving the demographic breakdown of 
the Pecos sample.  He divided the sample into broad age categories of sub-adult, 
young adult, middle -aged adult, and old adult.  In addition to these age categories 
Hooton provides the assessments of age given by Wingate Todd, who estimated 
the ages of 594 individuals from Pecos in 1927 (Hooton 1930).  Todd gives the age 
of individuals within five-year increments from 0-4 years to 80-84 years, based 
mainly on changes of the pubic symphysis.  Todd had just completed his research 
on ageing using the pubic symphysis and used the Pecos sample as a case study.   
Hooton and Todd also provide the sex estimation of individuals based 
almost entirely on the pelvic morphology.  Hooton writes, “The Pecos skeletal 
material offers more difficulties in the determination of sex than any other series I 
have studied…the doubtful specimens are extraordinarily puzzling and quite 
numerous,” (Hooton 1930:26).  In comparing Hooton’s results with Todd’s, the 
two researchers agreed on sex in 78 percent of the cases.  Hooton found the sex 
ratio between males and females in the Pecos sample contained more than 60 
percent males.  He generally attributes the, “great excess of males in skeletal 
populations to the better weathering of male skeletons or a possible tendency on 
the part of the laboratory worker to assign to the male sex skeletons of masculine 
appearance which were in reality female,” (Hooton 1930:31).  He goes on to state 
that he does not feel that either of these factors were significant in the Pecos 
population, but rather that the sex ratio differences were real.  The evidence that 
Hooton gives for the realty of the skewed sex ratio is the make up of the modern 
Jemez and Pecos populations living at a nearby reservation (Hooton 1930).  He 
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reports that the population on the reservation had significantly more males than 
females.  However, since the publication of the analysis other researchers have re-
examined the Pecos collection and reported very different results on the make-up 
of the sample (Ruff 1991, Weiss 1972).   
 
Re-Analysis of Hooton’s Demographic Findings  
Sex and Age Estimation 
 
Christopher Ruff’s (1991) biomechanical study on the long bones from the 
Pecos sample reports contradictory conclusions on the demography of the 
population.  Ruff states, “It is interesting to examine why Hooton had such 
problems in sexing the Pecos skeletal remains, since, with all due modesty, I 
found really very few individuals of equivocal sex (this view is shared by Dr. 
Trinkaus),” (1991:49).  Ruff compared a subsample of 101 individuals sexed by both 
Todd and himself.  He found that according to Todd and Hooton’s determination 
the subsample contained 61 males and 40 females, while in Ruff’s estimates that 
sample contained 51 males and 50 females (1991).  The skewed assessment of 
Hooton’s results is reportedly the most unbalanced sex ratio of any large 
archaeological sample ever published (Weiss 1972).   
Ruff also found significant differences in comparing Todd’s age 
estimations to his own.  Ruff reports that the age estimations given by Todd, 
especially for middle-aged adults, are consistently much higher than his own (Ruff 
1991).  The average overall difference of the 101 individuals compared is 9 years 
younger, with female age differences being 6.2 years and males being 11.7 years 
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younger.  Given Todd’s age estimations, the mean age at death from the Pecos 
population is 42.9 years.  However, Ruff recalculated the mean age at death using 
his revised age estimations, included additional infant skeletons that were 
disregarded in the original study, and found 25 years to be the mean age at death.  
Furthermore, Ruff states that this mean age at death is more closely in line with 
other prehistoric and protohistoric samples from North America (Ruff 1991).   
Due to the analyses required by the NAGPRA legislation Dr. Michele 
Morgan, of the Peabody Museum of Ethnology and Archaelogy, has reassessed the 
entire Pecos sample according to both age and sex.  Morgan’s and Hooton’s 
estimations will be compared along with the results of the metric analysis in later 
chapters.   
Discriminant Function 
One method that has been employed by various researchers to determine 
sex based solely on metric data is discriminant function analysis (Safont et al. 
2000, Krogman and Iscan 1986, Black 1978, Giles 1970).  Sex determination based 
on discriminant function is able to take into account differences in size and sexual 
dimorphism within and between populations.  One recent article by Safont et al. 
(2000) analyzes the circumference of long bones in determining sex in a Late 
Roman Spanish population using discriminant function analysis.  The authors 
evaluate pelvic and cranial morphology in order to determine sex in 151 
individuals.  They then construct a discriminant function using 108 individual, 
using the remaining individuals to test the function.  The authors found that 
combined long bone circumferences classified sex corresponding to the pelvic and 
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cranial data in 97% and 92% of the cases for males and female respectively.  The 
researchers report that the measurements from the upper limbs give more accurate 
results for sex estimation. (Safont et al. 2000) 
The results of earlier studies using discriminant function analysis to 
determine sex are found in Krogman and Iscan (1986).  The authors refer to 
studies from Jit et al. (1980), Black (1978), and Giles (1970) among others.  
Krogman and Iscan (1986) report several functions used to determine sex from 
measurements from the femur, tibia, humerus, ulna, and radius which are 
published by the previously mentioned authors.  The functions were all found to 
have an accuracy of 80-90%.  The extensive research performed on long bones in 
constructing discriminant functions is apparent from the numerous equations 
presented for different populations (Krogman and Iscan 1986). 
Biological Distance 
At the time of the publication of Hooton’s analysis on Pecos the dating of 
the site had yet to be realized.  Hooton believed that the occupation of the site was 
much longer than was later concluded.  In order to maximize the sample sizes for 
the different glazes Hooton collapsed several of the glazes into larger groupings.  
He made the following groupings: Black-on-white and Glaze I, Glaze II and III, 
Glaze IV, and Glaze V and VI.  All of Hooton’s temporal analysis used these 
modified groupings.  However, since the publication of his analysis the 
chronology of the Pecos site has been revised according to dendrochronology 
samples taken from the site (Kidder 1936).  Methods using craniometrics and 
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nonmetric cranial traits can be utilized to evaluate the distance between 
populations.   
Techniques taken from anthropological genetic studies are used to 
determine biological distance.  The goals of the studies are to understand how,  
The structure of a regional population is the result of the combined effects 
of microevolutionary forces acting on the component subpopulations.  
These forces include the relative effects of gene drift and gene flow, 
patterns of inbreeding or other types of nonrandom mating and often the 
effects of mutation and natural selection,” (Tatarek and Sciulli 2000:363).   
 
Researchers have applied various methods in order to determine the relationship 
between populations.   
One recent study examines the biological distance between populations in 
the Ohio valley region (Tatarek and Sciulli 2000).  The researchers expanded the 
sample sizes of an earlier study examining differences between Late Prehistoric 
and Late Archaic populations using craniometrics.  The analysis uses an R-matrix 
to determine the minimum Fst distance between the populations.  The genetic 
distance matrix is then compared to geographic distances between the sites using a 
correlation procedure.  The authors are then able to determine the heterzygosity of 
each subpopulation by using a regression of mean heterogygosity on the 
subpopulation’s distance from the centroid.  The researchers determined that the 
Late Archaic populations were more similar while the Late Prehistoric populations 
experienced greater diversity.  The authors suggest that this change is related to 
the cultural changes that were occurring in the Prehistoric period with the 
introduction of maize and the transition of horticulture subsistence. 
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Konigsberg (1990) provides a another example of using cranial traits in 
order to document the biological variation of prehistoric groups.  In this study the 
author uses nonmetric cranial traits of individuals from the Lower Illinois and 
Mississippi River valleys.  Several sites from throughout the region are compared 
by examining spatial, temporal, and genetic distances.  The genetic distances are 
calculated using an adaptation of Mahalanobis’s generalized distance.  Next, a 
temporal distance matrix is constructed using the median radiocarbon dates 
between the sites, and a geographical distance matrix using the kilometers 
between the sites.  Finally, a matrix correlation comparison is constructed between 
the genetic distances and temporal distances, while controlling for spatial 
distances, and genetic and spatial comparisons are made controlling for temporal 
distances.  Using the results of the analysis Konigsberg was able to document a 
spatial-temporal isolation model between most of the sites in the region.  In other 
words, assuming “a fixed migration pattern (incorporating isolation by distance) 
there should by a positive correlation between genetic and temporal distance 
(controlling for time) and negative correlation between genetic and temporal 
distance (controlling for space),” (Konigsberg 1990:65).  This research 
demonstrates the applications of biological distance in interpreting the migration 
and relationships between subpopulations within a region. 
 
Using Metric Observations to Document Stress 
Once a more accurate picture of the demographic makeup of the Pecos 
population emerges, the metric data can be used to examine the stress that the 
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population experienced and compare the time periods.  Researchers have utilized 
several methods of interpreting stress loads and changes in diet in prehistoric 
populations.  The methods used in this study involve the use of metric data to 
document changes in stress over time because of the availability of the data from 
the Pecos collection.  The two methods discussed are asymmetry and sexual 
dimorphism.  Each of these methods has been used by several researchers and has 
been proven to be a valid approach for interpreting stress in populations. 
Asymmetry  
Numerous studies have been performed on both living and prehistoric 
populations to determine the rates of asymmetry and the correlation to the health 
of the population.  Trivers et al. reports that fluctuating asymmetry, “small 
deviations from perfect bilateral symmetry, is negatively correlated with health 
and positively correlated with sexual selection in human adults,” (1999:417).  
Livshits and Kobyliansky (1991) review several studies that have documented a 
positive correlation between fluctuating asymmetry (FA) and health, and found 
little evidence for a significant genetic component.  The researchers report that 
studies have determined a positive correlation between asymmetry and stress.  
One study (Livshits et al. 1988) examined the association between gestational age 
at birth and FA.  The study examines the FA of 8 traits in 216 newborn infants of 
varying gestational ages.  The researchers were able to demonstrate that the pre-
term infants had the highest rates of asymmetry, while the term infants had the 
lowest rates.  A second study (Barden 1980) showed the relationship between 
dental asymmetry and Down’s syndrome.  The researcher found that the 
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individuals with Down’s syndrome had significantly higher rates of dental 
asymmetry between their antimeric teeth. 
Directional asymmetry is a second component of asymmetry studies.  
Directional asymmetries of long bone lengths generally result from activity.  For 
example, the preferential use of the right hand by most individuals leads to 
asymmetries of the arms of most individuals.  Other studies have postulated that 
in populations that commonly use spears or harpoons, male and female 
asymmetry rates differ because of the differential stress of those throwing 
activities by males (Bridges 1989).  Bridges (1989) undertook research to explore 
the ability of the variation in rates of directional asymmetry to document changes 
in subsistence patterns.  In her study, Bridges took standard long bones 
measurements and CT scans of the cross-sections of the long bones from 266 
individuals identified as either Archaic or Mississippian.  The author 
demonstrates that Mississippian females engaged in agricultural practices, “have 
stronger and thicker arms than do Archaic females, especially on the left side and 
near the elbow” (Bridges 1989:390).  The findings show reduced directional 
asymmetry in the females from the agricultural population, with a similar pattern 
seen in males, although not as significantly.  Bridges concludes that the thicker, 
stronger long bone diaphyses seen in the Mississippian population suggest that 




Another method that researchers have employed to document the stress in 
populations is through examining sexual dimorphism in populations.  A recent 
study by Marini et al. (1999) examined the statistical methods employed in 
calculating sexual dimorphism, specifically the effects of intrasexual variability on 
measures of sexual dimorphism.  The authors used the three methods most 
commonly employed for calculating sexual dimorphism; relative difference 
between male and female mean values (MDI), Student’s t, and Bennett-
Chakaborty-Malumber D coefficient.  An additional method for calculating sexual 
dimorphism, Kolmogorov-Smirnov (KS) distance, is also presented.  The 
researchers use metric data collected on a Scandinavian population and computer 
simulations to evaluate the effectiveness of each test.  The Student’s t, D 
coefficient, and KS distance tests all use variance in their calculations as opposed 
to MDI, which is based strictly on the differences between the means.  While all 
three of the tests using variance were found to give valid results, the authors 
found that the KS distance, which does not depend on the data being normally 
distributed, was most sensitive to differences in means and variances.  The 
authors recommended using both the KS distance and the MDI in order to 
evaluate differences in sexual dimorphism (Marini et al. 1999). 
Other research related to sexual dimorphism has correlated cultural 
practices with changes in sexual dimorphism (Trivers 1972, Frayer 1980).  Changes 
in sexual dimorphism have been related to changes in, for example, marriage 
practice or subsistence strategies.  Trivers (1972) first hypothesized that there 
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would be a difference in the level of sexual dimorphism between cultures 
practicing polygynous marriages compared to peoples engaged in monogamous 
marriages.  Many researchers have tested Trivers’ hypothesis, but a pattern of 
sexual dimorphism relating to marriage practices has yet to emerge.  Frayer (1980) 
proposed that the level of sexual dimorphism present in a population related to 
differences in subsistence strategies and the division of labor.  For example, 
peoples engaged in hunting and gathering would experience a greater level of 
sexual dimorphism over those engaged in agriculture, because the division of labor 
is much less defined in agriculture than hunting-gathering practices.   
A third hypothesis related to the cause of sexual dimorphism is that in 
populations that experience low nutritional stress, sexual dimorphism is 
maximized, whereas when nutritional stress is high sexual dimorphism is 
lessened.  The reason for this difference is that males are more affected by 
nutritional stress then females (Hamilton 1982).  A recent study by Holden and 
Mace (1999) examines each of the previously mentioned hypotheses by looking at 
different populations around the world.  The authors utilize multiple regression 
analysis in order to examine the relationship between sexual dimorphism and 
women’s work, hunting, agriculture, and polygyny.  The results of the study 
found that sexual dimorphism was less when women contributed more to the 
subsistence.  The other factors tested were found not to contribute significantly to 
the level of sexual dimorphism.  Holden and Mace (1999) used reconstructed 
stature estimates to determine the rate of sexual dimorphism, however other 
researchers have suggested that the shape variables, such as diameter, exhibit 
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greater sexual dimorphism (Hamilton 1982), therefore the variables selected may 
have contributed to the results presented by Holden and Mace.   
The previously discussed research demonstrates that sexual dimorphism 
can provide a measure of stress for populations.  In the current study sexual 
dimorphism will be used to examine the change in the nutritional stress levels in 
the Pecos population, following the large population increase at the beginning of 
Glaze IV and the introduction of Europeans to Pecos after 1700 AD. 
 
Previous Studies Documenting Stress using the Pecos Collection 
 
An earlier study using the Pecos collection analyzed the bone-chemistry to 
assess the degree of dietary change from contact with hunter-gatherer Plains 
groups and Spanish colonists (Spielmann et al 1990).  The researchers 
hypothesized that as trade with Plains groups increased so would the amount of 
bison in the diet.  However, the results of their research did not support this 
conclusion.  The researchers did find that during the historic period carbon-
isotope values decreased suggesting that, “either bison meat or maize or both 
decreased in importance in the Pecos diet and that dependence on wild plants 
increased,” (Spielmann et al. 1990:745).  Due to the lack of evidence for significant 
dependence on bison, the researchers conclude that the change in diet is likely due 
to a decrease in maize consumption.  One possible explanation for this decreased 
maize consumption is the demands of the Spanish colonizers, “for food and/or 
labor.  Spanish demands for food would have depleted Pecos’ stores, while 
demands for labor would have resulted in less time for crop production.  In either 
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case, less maize would have been available to the Pecos inhabitants,” (Spielmann 
et al. 1990:760).   
 
Paleodemography and Methods of Interpretation 
Surplus Variation 
 The amount of variability in a sample can give insight into the makeup of 
the populations by demonstrating the degree to which an archaeological sample is 
more or less homogeneous when compared to a known sample.  An analysis of the 
population variability is important in skeletal samples due to the unique nature of 
the samples.  Hooton and subsequent researchers have assumed the Pecos sample 
represents a single population.  However, Key and Jantz (1990) outline several 
ways that skeletal samples can be affected by factors that would differentiate the 
skeletal populations.  The authors state,  
Not all individuals in the sample are alive at the same time; therefore, 
some had zero probability of mating.  A sample with a long depositional 
context represents an amalgamation of microevolationary effects and is 
more properly termed a ‘biological lineage (Key and Jantz 1990:53).   
 
In order to determine the degree to which a skeletal population represents a single 
population, a known sample can be compared to a hypothesis sample to assess the 
amount of variation.  Methods for determining the structure of a population by 
comparing a hypothesis sample to a reference sample in order to determine the 
presence of surplus variability have been proposed by Key and Jantz (1990) and 
Petersen (2000).  The earlier study by Key and Jantz (1990) attempted to identify 
the surplus variability within populations using multivariate analysis to examine 
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differences in cranial morphology between two Plains Indian groups.  The 
research was able to distinguish between the heterogeneous Leavenworth site, 
known to include several different Arikara groups and a group of related sites in 
the Bad-Cheyenne region of South Dakota, the Bad River 2 Phase, by comparing 
the two groups to the homogeneous Larson site.  Using the multivariate analysis 
the authors were able to conclude that the Bad River 2 Phase could be considered 
as a single, cohesive biological unit.  The later work by Petersen (2000) built on 
the earlier methods proposed by Key and Jantz (1990).  Petersen (2000) determined 
that if tests other then the chi-square tests used by Key and Jantz (1990) were 
employed the analysis of surplus variability could be applied to small samples and 
those without a multivariate normal distribution, as are often recovered from 
archaeological sites.  The methods proposed by Petersen (2000) use the 
determinants of covariance matrices in the analysis.  The study compares a 
Hungarian Zalavar sample with an Austrian Berg sample using a Norwegian Oslo 
sample as a reference sample.  The author was able to recreate the results of an 
earlier study, which showed that the Zalavar sample does not have surplus 
variation, while the Berg sample exhibits surplus variation.  However, the surplus 
variation that Petersen detected was due in part to outliers.   
Paleodemography 
Additional studies on Pecos have focused on the demography of the 
sample.  Goldstein (1953) carried out a demographic analysis of Pecos on only the 
individuals that Hooton included in his publication.  In 1980 Mobley expanded 
Goldstein’s work to include all of the burials found at Pecos and the remains 
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uncovered at the Forked Lightening pueblo near Pecos.  Mobley used the age and 
sex estimations reported by Todd.  The author found surprising results; he 
reported continuity between the Glaze periods where he expected to see a change 
due to the influence of immigration into the Pecos community.  Mobley 
hypothesized that a population with a large immigration episode would have a, 
“lower subadult and old age mortality and higher overall longevity,” (1980:528).  
Palkovich (1983) critiqued Mobley’s results based on Ruff’s (1981) findings of the 
unreliability of the Pecos demographic information.  Furthermore, she questioned 
Mobley’s results based on discrepancies she found in the chronology of the site.  
Palkovich reports a significant difference in the age distribution of the individuals 
from known time periods and those undated individuals.  The author attributes 
the discrepancy between the dated and undated samples to differential burials of 
individuals over time.  According to Palkovich the difference between dated 
individuals and undated individuals contradicts Mobley’s finding of diachronic 
stability in the Pecos sample (1983:142).   
 Aside from the life table method employed for many years by 
anthropologists, researchers have recently proposed innovative ways of 
approaching paleodemography.  By using computer simulation and maximum 
likelihood estimation, anthropologists have had success at modeling population 
structures and hazard models for skeletal samples.  The limitations of the life table 
method that the modeling analyses are able to address are threefold (Wood et al 
1992:44).  One problem with earlier methods is that the main focus of analysis was 
to determine the goodness of fit, simplifying the calculations, which is no longer 
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necessary with today’s computers.  A second issue addressed by the new methods 
is the ability to handle variables that change through time, such as growth and 
development data.  Finally, the traditional methods are incapable of accounting for 
biases involved in using censored data, which is the nature of all demographic 
data.  According to Wood et al. (1992) hazard analysis main attributes are, “1) it 
provides a general framework within which to model the dynamic etiologic 
processes underlying demographic event, and 2) it is associated with a surprisingly 
general likelihood function that permits efficient, unbiased estimation of the 
effects of interest, even in the face of multiple forms of censoring,” (Wood et al 
1992:45).   
The three principle concepts in hazard analysis are hazard rate, probability 
density function (PDF), and survival function.  The hazard rate is the risk that an 
event will occur at time, t, given that it has not occurred previously.  The PDF is a 
distribution of the times to the occurrence of the event, and the survival function 
is the probability that an event has not occurred by a certain time (Wood et al 
1992:46).  The specific maximum likelihood model generally used for adult 
mortality is the Gompertz-Makeham model.  Gompertz first proposed a two-
parameter model in 1825, which Makeham later modified by added a third 
parameter that acted as a constant for adult mortality (Wood et al 1992:69).   
The methods previously discussed are applied to the Pecos sample in the 
following chapters.  Using the evidence reported on the history of the pueblo as 
the framework, the following analysis attempts to document changes in health 
and population structure through time, as well as correct for any discrepancies in 
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Hooton’s original analysis.  The Pecos sample, with the well-documented 
chronology, large sample size, and large amount of research already devoted to the 
collection, holds a great deal of promise for providing greater insight into the 






Materials and Methods 
 
 
Pecos Pueblo Collection 
 
In the analysis of the human remains excavated from Pecos, Hooton 
recorded metric and nonmetric data on the best-preserved and most complete 
skeletons.  The data were written on data cards, which are stored in the Peabody 
Museum’s archives.  The metric data were transcribed from Hooton’s original 
data cards by the author in the summer of 2000.  Hooton had a series of cards for 
both the craniometrics and postcranial metrics.  The craniometrics consisted of 
five cards labeled A through E with a set of six individuals listed on the series.  
Craniometric data were available for 341 individuals.  The postcranial metric data 
were recorded on a series of four cards, A-D and one card for pelvic 
measurements.  Four hundred sixty-nine individuals with postcranial metrics and 
209 individuals with pelvic measurements were reported in the series.  Table 1 
presents a summary of the collection by time period.  The measurements Hooton 
(1954) performed on the Pecos series are defined in Tables 2-4.  In addition to 
metric data, the cards also contain information on the time period of the skeleton, 
sex, approximate age, and degree of cranial deformation.  Since a large portion of 
the sample was cranially deformed, Hooton designated those measurements 
affected by cranial deformation by bracketing the measurement.   
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Table 1.  Summary of the collection by time period. 
Pecos Sample  







nonmetric cranial trait 
scores 
Total Sample 374 469 286 
Black and White  25 18 10 
Black and White or Glaze 1  8 5 2 
Glaze 1  44 68 24 
Glaze 1 or Glaze 2 8 14 7 
Glaze 2 35 51 30 
Glaze 2 or Glaze 3  9 4 7 
Glaze 3  73 85 56 
Glaze 3 or Glaze 4 5 6 4 
Glaze 4 70 77 60 
Glaz e 4 or Glaze 5  3 1 1 
Glaze 5 39 39 34 
Glazee 5 or Historic  4 2 4 
Historic 33 23 31 






















Glabella-Occipital Length Hold the left point of the caliper on glabella and move the right point 
up and down the occiput in the median line, watching the scale.  Record 
the maximum measurement. 
Maximum Width Take the greatest breadth perpendicular to the median sagittal plane 
wherever the greatest breadth occurs, avoiding the supra-mastoid crest 
and making due allowance for any warping outward of the temporal 
squama. 
Basion-Bregma Height From basion, the middle point on the anterior border of the foramen 
magnum to bregma, the meeting place of the coronal and sagittal 
sutures. 
Minimum Frontal Diameter Minimum breadth between the temporal crests on the frontal bone. 
Menton-Nasion Height Adjust mandible so that teeth are in occlusion, measure from nasion to 
gnathion (menton, or the middle point on the lower border of the 
mandibular symphysis).  This measurement cannot be taken unless 
teeth occlude. 
Alveon-Nasion Height From Nasion to Alveon-the most inferior point of the mandible* 
Maximum Diameter Bi-
zygomatic 
Greatest breadth between zygomatic arches, perpendicular to the 
median sagittal plane. 
Bigonial Diameter Diameter between gonia (most external points of juncture of ascending 
ramus and horizontal ramus). 
Mean Angle Lower Jaw Place the mandible on the goniometer in natural position and raise the 
inclined plane so that it is tangent to the posterior edges of both 
ascending rami. 
Height of Symphysis  Distance between gnathion and infra-dentale (point on alveolar border 
between middle incisor teeth of mandible). 
Bi-condylar Width Diameter between most external points of mandibular condyles. 
Minimum Breadth of 
Ascending Ramus  
Smallest distance between anterior and posterior borders of left 
ascending ramus.  Taken perpendicular to height. 
Height of Ascending Ramus  Place the mandible on the measuring board with the horizontal rami 
against the upright plane.  Measure the height of the condyles with the 
square.  Record the height of the left condyle. 
Condylo-Symphysial 
Length 
Place the mandible on the measuring board with the condyles tangent 
to the upright plane.  Measure with the square to the most anterior 
point of the mental process. 
Orbits- Height (Right and 
Left) 
The height is taken from the upper to the lower border in the middle of 
the orbit and perpendicular to the long axis. 
Orbits-Breadth (Right and 
Left) 
The breadth is measured from dacryon to the middle of the external 
border (ectoconchion). 
Nasal Height Height from nasion to subnasal point.  Take the mean of the heights to 
lower borders of the nasal aperture on each side of the spine. 
Nasal Breadth Maximum breadth of nasal aperture perpendicular to height. 
Basion-Alveon From basion to alveon-the most inferior point on the mandible.* 
Basion-Nasion The fixed caliper point is placed upon nasion and the movable point 
adjusted to basion. 
Palate -External Length Length taken from prosthion to the points tangent to the posterior 
edges of the alveolar borders. 
Palate -External Width Maximum external breadth of palate on the outside of the alveolar 
borders.  This is usually at the level of the second molars. 
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Table 2 (continued) 
Maximum Circumference 
(above brow ridges) 
Place zero point of steel tape on right temporal crest just above brow 
ridge.  Pass tape around the most protruding point of occiput and across 
left temporal crest at level corresponding to zero point on right crest, 
and across frontal bone to right frontal crest.  Read circumference at 
overlap of tape. 
Arc-Nasion Opisthion Fix zero point of steel tape at nasion.  Extend tape along sagittal suture 
and over occiput in median line to opisthion. 
Arc-Vertical Transverse Fix zero point of steel tape on right porion and pass tape over bregma, 
recording distance to left porion. 
Mean Diameter Foramen 
Magnum 
Mean of maximum length (basion-opisthion) and maximum transverse 
diameter. 
Thickness of left Parietal 
above Temporo-parietal 
Suture 
Introduce left arm of caliper through foramen magnum.  Take three 
readings on left parietal 1 cm. above squamous suture; anterior inferior 
angle, middle, posterior inferior angle.  Record average. 
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Femur Length Bi-condylar Length of the femur in natural position with the condyles resting 
against the vertical wall of the measuring board and the movable 
square tangent to the extremity of the femoral head. 
Femur Maximum Length Greatest length from the internal condyle to the extreme point of 
the head on the measuring board. 
Femur-Diameter of Head 
Maximum 
Maximum diameter taken with sliding caliper 
Femur-Sub-trochanteric 
Diameter Antero-posterior 
Sagittal diameter of the shaft below the lesser trochanter at the 
level of the greatest transverse diameter. 
Femur-Sub-trochanteric 
Diameter Lateral 
Transverse diameter perpendicular to antero-posterior diameter at 
sub-trochanteric. 
Femur-Middle Shaft Diameter 
Antero-posterior 
Diameter between the dorsal and ventral surfaces of the femur at 
the middle of the shaft, perpendicular to the ventral surface. 
Femur-Middle Shaft Diameter 
Lateral 
Transve rse diameter perpendicular to antero-posterior diameter at 
middle shaft. 
Tibia-Length Maximum (minus 
spine) 
Place the tibia with the malleolus against the vertical wall of the 
osteometric board and with the long axis of the bone parallel with 
the long axis of the board.  Place the square against the anterior 
edge of the lateral condyle external to the tibial spine. 
Tibia-Middle Diameter Antero-
0.0025posterior 
Mark the middle point on the tibial crest.  Measure the antero-
posterior diameter. 
Tibia-Middle Diameter Lateral Measure perpendicular to middle antero-posterior diameter. 
Tibia-Nutritive Foramen 
Diameter Antero-posterior 
Antero-posterior diameter at level of base of nutritive foramen on 
external surface of bone. 
Tibia-Nutritive Foramen 
Diameter Lateral 
Measure perpendicular to nutritive foramen antero-posterior 
diameter. 
Fibula-Maximum Length Maximum distance between the proximal and distal ends measured 
with an osteometric board.* 
Humerus -Maximum Length Place the head against the fixed vertical of the board and adjust the 
movable upright to the distal end.  Obtain the maximum length.* 
Humerus -Middle Diameter 
Antero-posterior 
Diameter taken at exactly the midpoint, in the antero-posterior 
plane.* 
Humerus -Middle Diameter 
Lateral 
Diameter taken at exactly the midpoint in the medial-lateral 
plane.* 
Humerus -Maximum Diameter 
Superior Articular Head 
Taken from a point on the edge of the articular surface of the bone 
across the opposite side.* 
Radius -Maximum Length Maximum length from the head to tip of the styloid process.* 
Ulna-Maximum Length Maximum length from the top of the olecranon process to the tip 
of the styloid process.* 
Clavicle Maximum Length Maximum distance between the lateral and medial extremities.* 
* Measurement definitions not published by Hooton (1954) , however, they are likely to be similar 
to measurements defined by Zobeck (1983). 
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Table 4.  Pelvic Measurements and Descriptions. 
Measurement  Description 
 
Pelvis As a Whole 
Maximum Breadth 
Maximum diameter outside of iliac crest 
Pelvis-Distance between 
Ischiatic Spines 
Posterior diameter (bispinous): distance between ischial 
spines.* 
Ossa Innominata-Height Maximum height of the innominate bone between the 
iliac crest and the ischiopubic ramus measured with an 
osteometric board. 
Ossa Innominata-Breadth The distance from the anterio -superior iliac spine to the 
posterior-superior iliac spine.* 
Sacrum-Height The distance from a point on the promontory 
positioned in the midsagittal plane to a point on the 




Greatest breadth of sacrum at level of anterior 
projection of the auricular surfaces 
*Measurement definitions not published by Hooton (1954), however, they are likely to be similar 
to measurements defined by Moore-Jansen and Jantz (1989). 
 
 
Hooton performed measurements on both the right and left sides when both were 
present for all of the postcranial metrics and the eye orbit measurements.  The 
cranial data card E and postcranial data card D consist of indices calculated from 
the metrics.  The metric data that Hooton recorded provides the foundation for 
the present study.  Nonmetric traits were also collected on the Pecos crania.  A 
total of 286 individuals had nonmetric traits scored.  The nonmetric data collected 









Lambdoid Wormian Scored presence of ossicles in suture, number, size, and side. 
Temporo-Parietal Wormian Scored presence of ossicles in suture, number, size, and side. 
Temporo-Occipital Wormian Scored presence of ossicles in suture, number, size, and side. 
Epipteric Scored presence of ossicles in suture, number, size, and side. 
Bregma Scored presence of ossicles in suture, number, size, and side. 
Inca Scored presence of ossicles in suture, number, size, and side. 
Coronal Scored presence of ossicles in sut ure, number, size, and side. 
Sagittal Scored presence of ossicles in suture, number, size, and side. 
Pterion Scored shape of fronto-temporal articulation as H or K.  
Parietal Foramina Scored presence of foramen by side and size.* 
Retro-mastoid Foramina Scored presence of foramen by side and size.  
Brow Ridge Type Scored as one of three types of brow ridges. 
Lower Border of Nasal Aperture Size of lower border of nasal aperture. 
Infraorbital Suture Scored as partial and complete ossification of the facial part of 
the fissure, the actual infraorbital suture.* 
Suborbital Fossae Scored size of fossae. 
Teeth Wear Scored degree of overall tooth wear. 
Caries Number of caries observed. 
Abcess Number of abcesses observed. 
Many Teeth Lost in Life Number of teeth lost in life. 
Pyorrhea Occurrence of pyorrhea. 
Spade Incisors Presence of spade (shovel-shaped) incisors. 
Molar Cusp Pattern Cusp pattern for upper and lower first, second and third 
molars. 
Palate Shape Parabolic, hyperbolic, elliptical, U -shaped. 
Middle Lacerate Foramina Presence of foramina.  
Petrous Depression Size of depression. 
Posterior Lacerate Foramina Presence and side of foramina. 
Postcondyloid Foramina Presence and side of foramina. 
Pterygo-Spinous Foramina Presence and side of foramina. 
Dehiscences Presence, side and number of dehiscences. 
Inferior Dental Foramina Presence and size of foramina. 
Mylo-Hyoid Ridge Presence and degree of bridging. 
Genial Tubercles Scored according to the number of tubercles. 
 
In addition to the metrics taken by Hooton in the 1920s, I also recorded 
data collected during the Native American Graves Protection and Repatriation 
Act (NAGPRA) analysis.  Dr. Michele Morgan analyzed the Pecos human 
remains collection from 1994-1997 in compliance with the NAGPRA regulations.  
Morgan reanalyzed the entire collection and re-assessed all of the individuals for 
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sex and age estimation using techniques and standards outlined by Buikstra and 
Ubelaker (1994).  During the NAGPRA analysis, all of the archaeological artifacts 
were also inventoried and linked with the human remains records, and when 
appropriate, corrections were made to the glaze period associated with the 
remains.  Morgan’s demographic data on the Pecos individuals for which there 
were metric data were combined into the database as a comparison to Hooton and 
Todd’s demographic assessments. 
 
Sexing by Discriminant Function 
A discriminant function analysis is used in order to determine sex using 
the measurements taken by Hooton.  A training sample was defined as those 
individuals with complete pelvis who were assigned to the same sex by Hooton 
and Morgan.  The presence of a complete pelvis indicates that non-size related 
sexually dimorphic characteristics were used to assign sex, which minimizes the 
effect o f size in determining sex.  The disciminant function sex assignments can 
therefore be used in the sexual dimorphism analysis while lessening the reliance 
on size in the determination of sex.  The remaining individuals for whom there is 
no sex assignment recorded, or individuals where Hooton and Morgan disagreed 
are assigned a sex using the function from the training sample.  A discriminant 
function analysis was performed on both the postcranial and cranial 
measurements.  For individuals with only cranial or postcranial measurements, 
the sex determination came directly from the analysis.  The two measurements 
from the femur and two from the humerus were used in the analysis.  Individuals 
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were assessed with both the femur and humerus combined, and for the elements 
separately.  For many individuals sex was assessed based on four different 
discriminant functions.  In order to maximize the sample size if one side is blank 
the other is used in the analysis.  Otherwise the side is determined using a 
randomly using a random number generator.  The DISCRIM procedure in the 
SAS (2000), with the canonical and cross validation options, is used to determine 




 An analysis of the biological distance of the Pecos sample was carried out 
using both craniometric and cranial nonmetric data.  The biological distance 
analysis of the craniometric data utilizes multivariate discriminant function 
analysis to determine the variability present in the sample.  Eighteen cranial 
measurements are used in this analysis to determine biological distance; the 
measurements were chosen because they were likely to be unaffected by cranial 
deformation.  The data is then mean centered by sex in order to eliminate sex 
differences.  All 18 craniometric variables were included in a stepwise discriminant 
function analysis in SAS (2000) in order to determine which variables were 
contributing most to the overall variability.  Because many individuals have  at 
least one missing variable and in order to maximize the number of individuals 
included in the analysis only the four variables that contributed most significantly 
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to the variability were used to calculate the D² values and the means of the 
canonical variables.  The four variables used in the analysis were determined 
using a stepwise analysis.  The D² values and the means of the canonical variables 
were calculated in SAS (2000) using the DISCRIM procedure.  The level of 
significance for the difference between the mean of canonical variables was then 
evaluated using an F-distribution.   
Nonmetric Cranial Traits 
 The nonmetric traits that Hooton scored on the crania of the Pecos sample 
were also used in determining biological distance.  A FORTRAN program written 
by Konigsberg (1990) was used to determine D² values for the different time 
periods.  The program utilizes a tetrachoric correlation matrix among traits in 
determining, “an adaptation of Mahalanobis’s generalized distance for polygenic 
threshold traits” (Konigsberg 1990:60).  Nineteen of the more than 50 cranial traits 
that Hooton scored were used in the initial analysis.  These traits were chosen 
because they were scored according to their presence or absence on the crania.  
The other traits that Hooton scored are based on the degree or size of a trait or 
pathological conditions.  For those traits that were scored bilaterally one side was 
chosen randomly.  Eight traits were ultimately included in the analysis, as some 
traits were eliminated because of lack of variability or traits with numerous blank 
scores.  The D² values calculated from the nonmetric traits between glazes are 




An analysis of asymmetry for the maximum lengths of the long bones is 
performed on the Pecos sample to examine the rates, patterning, and severity of 
asymmetries including a comparison of differences between sexes and time 
periods.  First, the distribution of the signed right minus left maximum lengths of 
the long bones is examined to determine if the sample is normally distributed.  
Next, fluctuating and directional asymmetries are assessed both as combined 
scores and separately for each trait.  Fluctuating asymmetry (FA) is identified as 
having a normal distribution of the signed right minus left difference around a 
mean of zero, while directional asymmetry (DA) has a distribution significantly 
different from a mean of zero.  Subtracting the mean difference of the trait from 
the individual right minus left values will control for directional asymmetry.  
Finally, composite scores for each individual will be calculated to examine the 
overall presence of asymmetry throughout the skeleton.  Composite scores are 
calculated by adding the total scores for each element.  Composite scores are 
calculated for all the elements, upper limbs, and lower limbs.  The scores are 
calculated for fluctuating, directional, and size controlled asymmetry. 
 
Sexual Dimorphism 
 Sexual dimorphism is determined by examining the difference between 
males and females.  Sexual dimorphism is examined using the long bone 
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maximum lengths and shape measurements.  This is calculated as the relative 









An analysis of variance is then used to examine the differences and determine if 
there is a significant change in the difference of males and females from one time 
period to another, or if the level of sexual dimorphism remained unchanged 
through time.   
 
Surplus Variation 
 An important aspect of examining changes in a population over time is to 
understand the impact that immigration and emigration have on the population 
structure.  Petersen (2000) presents three methods for analyzing the amount of 
surplus variation within a population in order to examine the effects.  The three 
methods discussed are Zhivotovsky’s F-ratio, Wishart bootstrap, and a 
nonparametric bootstrap.  The methods utilize determinants of covariance 
matrices in order to compare the surplus variability of a hypothesis sample to a 
reference sample.  In the current study, the Pecos sample is the hypothesis sample 
and the Larson site serves as the reference sample.  The Larson sample is a 
homogeneous population with low population variability and a short temporal 
occupation; therefore it is a good comparison to the variability of Pecos.  The 
Larson site (39WWW2) is located south of Mobridge, South Dakota.  The Larson 
site consists of a protohistoric village and cemetery (Bowers 1966).  The males 
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from both groups are compared.  The total male sample is compared to the Larson 
sample, as well as a subsample of the pre-Pueblo and post-Pueblo male population.  
A MATLAB script was obtained from Petersen in order to perform the following 
tests.  The Zhivotosky’s F-ratio is a parametric method, which assumes 
multivariate normality and is therefore most appropriate for large samples.  The 
Wishart bootstrap is based on the assumption that the Sum-of-squares-and-cross-
products follows a Wishart distribution and that the two samples are taken from 
the same population.  In the present study 999 bootstraps were performed on the 
samples.   
The final method is the nonparametric bootstrap.  The nonparametric 
method can be used for small samples and does not include an assumption of 
normality.  Again, 999 bootstraps are performed on the samples.  Petersen (2000) 
found that generally the two parametric tests give comparable answers while the 
nonparametric test can give a significant p-value.  The discrepancies in the results 
are likely caused by the assumption of normality.  The results of all three of the 
tests will be compared in order to determine the most accurate representation of 
the variability present in the Pecos population. 
 
Paleodemography 
 The paleodemography of Pecos is a topic taken up by several different 
authors (Hooton 1930, Mobley 1980, Palkovich 1983, Frankenberg and Konigsberg 
ND).  However, given the latest corrections to the overall sex and age structure 
for the site and new methods for understanding paleodemography, the topic 
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deserves further attention.  Recent methods developed for modeling 
paleodemography are used to understand the changes that occur at Pecos over 
time.  A maximum likelihood analysis is used to calculate hazard models for the 
population.  One advantage to this type of analysis is the ability of the model to 
handle a wide variety of age ranges.  As is typical in age estimation, Morgan 
assigns some individuals to five -year age ranges, while other individuals are 
assigned to much broader age ranges of 20 years of more, depending on the 
completeness of the skeleton and the presence of certain aging criteria.  The exact 
ages assigned to individuals by Morgan will be used in the analysis.  A maximum 
likelihood program, MLE (Holman 2000), is used to calculate the parameters for 
the model.  Using the age ranges assigned to individuals separated by glaze, two 
parameters are calculated for each glaze.  The two-parameter Gompertz model is 
used to estimate adult demography.  The two parameters can then be used to 
calculate the hazard rate, probability density function for age-at-death, and 
survivorship for each of the adult populations within the glazes.  The equations 
for the probability density function, survivorship, and hazard rate are as follows: 
 f (t) = a exp [bt + a/b(1-ebt)] 
 S (t) = exp [a/b(1-ebt)] 
 h (t) = a exp (bt) 
Here a is a scale parameter and b is a shape parameter (Holman 2000).  In order to 
test the significance of the differences between the glazes a Chi-Square test and 
Likelihood Ratio test of the modeled functions are used: 
2




Sexing by Discriminant Function 
 A discriminant function analysis of both cranial and postcranial 
measurements was performed for the sample.  The cranial measurements were 
determined using a stepwise discriminant analysis to select the variables that 
contributed most of the variation between the sexes. Maximum bizygomatic 
breadth, nasal breadth, height of ascending ramus, and condylo -symphysial length 
were the traits which were most significant and therefore used in constructing the 
discriminant function.  The femur and humerus measurements were also 
subjected to a stepwise comparison.  The traits with the greatest significance were 
determined to be maximum diameter of femur at the midshaft, femoral head 
diameter, maximum diameter of humerus at the midshaft, and humeral head 
diameter.  The humerus and femur were analyzed together and separately in order 
to maximize the sample size.  The summary statistics for the training samples are 
given in Table 6.  The results of the discriminant function analysis are seen in 
Table 7.   
A comparison of the function based on cranial measurement compared 
with the functions based on the postcranial measurements shows that the 




Table 6.  Summary Statistics for Training Sample  





Maximum Diameter of Femur 
at Midshaft 
Femoral Head Diameter 
188 103 85 7.988 0.0662 
Maximum Diameter of 
Humerus at Midshaft 
Humeral Head Diameter 
187 102 85 9.597 0.0520 
Humerus and Femur Traits 
Combined 
178 98 80 10.825 0.0420 
Cranial Traits:  Maximum 
Bizygomatic Breadth, Nasal 
Breadth, Height of Ascending 
Ramus, Condylo-Symphysial 
Length 
74 47 27 8.596 0.1023 
 
Table 7. Results of Discriminant Function Analysis of Sex. 
Measurements 
Used to Determine Sex 
N Males 
N             % 
Females 
N           % 
Maximum Diameter of Femur at 
Midshaft 
Femoral Head Diameter 
158 60          37.97 98          62.03 
Maximum Diameter of Humerus at 
Midshaft 
Humeral Head Diameter 
158 58          38.93 91          61.07 
Humerus and Femur Traits Combined 143 50          34.97 93          65.03 
Cranial Traits:  Maximum Bizygomatic 
Breadth, Nasal Breadth, Height of 
Ascending Ramus, Condylo-
Symphysial Length 







Table 8.  Comparison of Sex Estimations of Pecos Sample. 
Sex Estimation of Pecos Sample 
 
Observer N Male  
N        % 
Female  
N         % 
Unknown 
N          % 
Male? 
N         % 
Female? 
N        % 
Hooton 374 228     60.7 125     33.2 9         2.4 9        2.4  3        0.8 
Todd 97 61       62.8 31       31.9 5         5.2   
Morgan 356 150     41.9 185     51.7 20       5.3 2         0.6  3       0.6 
Weisensee 361 159     44.0 201     55.7    
 
Therefore, my determination of sex relied more heavily on the sex estimation 
from the postcranial elements.  By comparing the results of each individual’s sex 
assigned according to the methods previously outlined I assigned each individual 
to a sex.  Table 8 compares the results of my sex estimations with Hooton, Todd, 




 The individuals in the glazes are compared using the craniometrics in order 
to construct a Mahalanobis D2 matrix.  One hundred and fifty-six individuals 
were used in the analysis.  A stepwise discriminant analysis by time period of 
those craniometrics unaffected by cranial deformation was used in order to 
determine which traits are the most variable.  The four traits identified in the 
analysis were nasal breadth, minimum breadth of ascending ramus, maximum 
diameter of bi-zygomatics, and thickness of left parietal.  The Wilks’ Lamba has a 
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F-value of 2.12, and a p-value of 0.0029.  The p-value for the Wilks’ test is 
significant at a 0.05 level, indicating significant difference between the means of 
the glazes.  Based on these four traits a D2 matrix was constructed to compare the 
time periods (Table 9).  Because a stepwise analysis was used to determine the 
traits the distance analysis could not be used to calculate Fst between the time 
periods.  Figure 1 illustrates the distances between the glazes.  In order to compare 
the distances an F-distribution was calculated.  The only significant distance 
between the glazes was between Black-on-white and Glaze IV.  All of the other 
distances were not significantly different at a 0.05 level, however the Black-on-
white phase is significantly different from Glaze I,II, and V at a 0.10 level. 
 
Table 9.  Distances based on Craniometrics. 







BW 10 0       
Glaze I 12 2.0555** 0      
Glaze II 15 2.0585** 0.14858 0     
Glaze III 37 1.08847 0.58171 0.74169 0    
Glaze IV 46 1.69331* 0.40248 0.86499 0.25092 0   
Glaze V 24 1.4835** 0.7118 0.82076 0.05142 0.38971 0  
Modern 12 1.21628 0.59823 1.01238 0.33942 0.29635 0.50517 0 







 A second D2 matrix was constructed using cranial nonmetric traits.  The 
nine traits selected for the analysis were chosen to maximize the sample size.  The 
six traits used in the analysis were lambdoid wormian, pterion, petrous 
depression, post-condyloid foramina, infraorbital suture, and parietal foramina.  F-
distributions were also calculated for these distances with more of the distances 
differing significantly than was the case using the metrics.  Table 10 shows the 
distances and which groups differ significantly from one another.  Figure 2 
illustrates the distances between the glazes based on the first three eigenvectors 
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Figure 1.  Distances between time periods based on craniometrics 
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Table 10.  Distances Based on Nonmetric Cranial Traits. 











BW 18 0       
Glaze I 16 4.78028* 0      
Glaze II 29 1.24285 3.039* 0     
Glaze 
III 
37 2.87877* 2.9201*  1.52877 0    
Glaze 
VI 
47 1.76997 3.024* 0.7739 2.6173* 0   
Glaze V 31 2.82338* 3.2655* 1.4790 3.29451* 1.39727* 0  
Modern 23 2.56813 2.27718 1.60416 2.58518* 1.88471*  1.18295 0 


































The results of the cranial metric and nonmetric distances were compared 
using a Mantel test and a Procrustees analysis.  Both of the tests ind icate that the 
results of distances were not well correlated.  The Mantel test shows a very low 
correlation between the two matrices, r=.10.  In order to examine the time periods 
most effecting the low correlation between matrices a Procrustees analysis was 
also performed.  The results of the Procrustees analysis are in Figure 3.  From the 
graphical representation comparing the distance matrices, it is apparent that 
differences between the metric and nonmetric matrices exist throughout the time 
periods.  Based on the conflicting results of distance matrices the subsequent 
analysis divides the Pecos sample according to larger cultural phenomenon 
documented at the site, specifically the pre-pueblo period, the building period, and 





 The analysis on the degree of asymmetry present in the Pecos sample 
examines both the levels of fluctuating and directional asymmetry in the 
population.  Table 11 summarizes the mean right minus left, standard deviation, 
skewness, and kurtosis of the sample for the maximum lengths of all long bones 
for both males and females combined and separately.  Next, fluctuating 
asymmetry (FA) and directional asymmetry (DA) are differentiated.  Directional 
asymmetry is patterned asymmetry, while fluctuating asymmetry is random 
asymmetry.  DA is identified using one sample t-test set test that the mean equals  
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Figure 3.  Results of Procrustees analysis, lower case letters are nonmetric and upper case letters are 











Table 11. Right Minus Left Trait Descriptions. 
Trait N Mean (R-L) Std. 
Dev.  
Skew Kurtosis T-test 
Signifcance 
Humerus 192 2.547 3.50 -0.215 0.8318 <.0001*  
Humerus Females 104 3.433 3.43 0.0509 -0.4618 <.0001*  
Humerus Males 88 1.500 3.32 -0.669 2.084 <.0001*  
Radius 112 1.348 2.24 -0.005 -0.5383 <.0001*  
Radius Females 62 1.66 2.14 -0.183 -0.248 <.0001*  
Radius Males 50 0.96 2.312 0.247 -0.552 0.0050* 
Ulna  78 2.462 2.19 -0.1714 -0.6218 <.0001*  
Ulna Females 45 2.467 2.47 -0.2836 -0.8791 <.0001*  
Ulna Males 33 2.455 1.76 0.2599 -0.4464 <.0001*  
Femur  242 -1.4587 3.34 0.1819 0.3384 <.0001*  
Femur Females 131 -1.557 3.27 -0.138 -0.036 <.0001*  
Femur Males 111 -1.3423 3.43 0.5034 0.6717 <.0001*  
Tibia  183 1.0355 3.80 1.0108 6.8065 0.0003* 
Tibia Females 101 0.9257 4.14 1.4635 8.7067 0.0272* 
Tibia Males 82 1.1707 3.34 -0.0146 0.9024 0.0022* 
Fibula 89 -0.2809 3.48 -0.2914 0.1785 0.4485 
Fibula Females 45 -0.2889 3.58 -0.4412 0.8253 0.5915 
Fibula Males 44 -0.2727 3.41 -0.1235 -0.4643 0.5987 
 
zero.  The t-tests, which deviate significantly from zero, represent directional 
asymmetry.  The results of the t-test are also presented in Table 11.  In the Pecos 
sample all traits have significant t-test values and therefore exhibit directional 
asymmetry, except the fibula, in both males and females. 
 Directional asymmetry can be separated from fluctuating asymmetry by 
subtracting the mean right minus left for each trait from each right minus left 
value and then taking the absolute value.  A fluctuating asymmetry value is 
calculated for all traits that exhibit significant directional asymmetry.  The 




  Table 12. Fluctuating Asymmetry Controlled for Directional Asymmetry 
Trait Mean |R-L| Std. Deviation N 
Humerus 2.7526 2.1548 192 
Humerus Females 2.8971 1.9943 104 
Humerus Males 2.5818 2.3303 88 
Radius 1.8438 1.2545 112 
Radius Females 1.7161 1.3013 62 
Radius Males 2.002 1.1877 50 
Ulna  1.8226 1.1968 78 
Ulna Females 2.1044 1.2605 45 
Ulna Males 1.4382 0.9989 33 
Femur  2.6169 2.0681 242 
Femur Females 2.2631 1.9688 131 
Femur Males 2.6329 2.1884 111 
Tibia  2.6698 2.7008 183 
Tibia Females 2.7772 3.0725 101 
Tibia Males 2.5376 2.1688 82 
 
The significance of age on asymmetry is examined by correlating age to 
the signed right minus left values using a one-tailed Pearson’s r correlation (SAS 
2000).  Broad age categories are based on the ages assigned by Morgan.  The three 
age categories are, 15-35 years, 35-50 years, and 50+ years.  None of the values are 
significantly correlated to age.   
 In order to examine the changes in asymmetry over time, a generalized 
linear model (GLM procedure, SAS 2000) was used.  The mean values by time 
period are given in Tables 13 and 14 for both the directional and fluctuating 
asymmetry combined and fluctuating asymmetry separately.  In the GLM 
procedure the influence of time period, sex, and time period and sex were 
examined in relation to asymmetry.  The time periods were broken down into 
broader periods then the pottery styles originally used to classify the group.  The  
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Table 13.  Mean Values for Directional Asymmetry. 
 Early Time Period Middle Time 
Period 




14.25 17.219 13.5 
Mean Lower Limb 
Asymmetry 
6.222 9.3286 9.1875 
Mean Upper Limb 
Asymmetry 
7.9091 6.8125 10.333 
 
Table 14.  Mean Values for Fluctuating Asymmetry. 
 Early Time Period Middle Time 
Period 




17.133 14.462 10.89 
Mean Lower Limb 
Asymmetry 
7.9763 8.9132 9.25 
Mean Upper Limb 
Asymmetry 
6.7871 4.8578 6.43 
 
 
early time period includes, Black-on-white, Glaze I, and Glaze II, which is the 
period before the construction of the large pueblo at the site.  The middle time 
period is Glaze III, VI and V, the period of the greatest expanse of the pueblo.  
The late period is Glaze VI and the modern period, which corresponds to the 
introduction of Europeans and the decline of the pueblo.  Table 15 gives the results 
for the directional asymmetry combined and Table 16 is only the fluctuating 
asymmetry.  In none of the analyses does time period significantly predict 
asymmetry.  The radius is significant for the interaction of time period and sex 
effects for the directional asymmetry.  The humerus is significant for sex in both 
analyses, while the radius is significant for sex in the fluctuating asymmetry.  The 
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combined upper limbs are significant for sex in fluctuating analyses.  The 
implications of the asymmetry analysis in relation to other analyses that estimate 
the stress at Pecos will be discussed in Chapter 5. 
Table 15.  Directional Asymmetry  








Humerus 170 1.29 0.2791 9.10 0.0030 0.19 0.8232 
Radius 97 0.68 0.5094 1.33 0.2521 3.34 0.0397 
Ulna  68 0.18 0.8322 0.02 0.8749 0.63 0.5384 
Femur  204 0.05 0.9554 0.26 0.6081 0.26 0.7714 
Tibia  157 0.01 0.9236 0.15 0.7039 0.36 0.6981 
Fibula 75 1.09 0.3426 0.27 0.6057 0.49 0.6172 
All Traits 
Combined 
22 0.48 0.6241 0.98 0.3353 0.32 0.5761 
Lower Limb 
Traits 
60 1.45 0.2435 1.58 0.2137 1.57 0.2183 
Upper Limb 
Traits 
49 0.07 0.9283 0.34 0.5595 0.62 0.5375 
 
 
Table 16. Fluctuating Asymmetry 
Trait N Period p-value Sex p-value Interaction p-value 
Humerus 174 0.37 0.6883 16.33 <.0001 1.18 0.3089 
Radius 100 0.61 0.5431 4.36 0.0395 1.36 0.2624 
Ulna  69 0.99 0.3763 0.71 0.4036 0.50 0.6075 
Femur  208 0.22 0.8051 0.26 0.6086 0.18 0.8345 
Tibia  160 0.82 0.4421 0.00 0.9621 0.67 0.5135 
Fibula 76 0.94 0.3946 0.67 0.4167 0.55 0.5803 
All Traits 
Combined 












 Results of the sexual dimorphism in the Pecos population are presented in 
Tables 17-19.  The mean values for measurements of the postcranial skeleton and 
MDI are calculated for each time period.  Time periods are defined, as in the 
asymmetry analysis, as broad periods related to the cultural changes at the pueblo.   
 
Table 17.  MDI for Early Time Period.  
Traits N (M) N (F) Early Male Mean Early Female 
Mean 
MDI 
FOL 29 56 424.7241 398.2321 6.23746 
VHD 30 57 43.78333 39.35965 10.10357 
APD 31 58 23.16129 21.92241 5.348925 
MLD 31 58 31.53226 29.4569 6.581704 
APS 31 58 27.93548 25.99138 6.95925 
MLS 31 58 24 23.32759 2.801708 
TML 29 51 356.2414 334.3333 6.149777 
TAP 31 55 32.75806 29.17273 10.94488 
TML 31 55 20.45161 19.23636 5.942075 
APN 30 54 35.7 31.5463 11.63501 
MLM 29 53 21.84483 20.14151 7.79736 
HML 30 53 308.9333 291.4717 5.652232 
MDS 30 55 20.68333 20.74545 -0.30034 
MDM 30 55 16.65 16.68182 -0.19111 
MDH 31 53 44.48387 39.43396 11.35223 
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Table 18.  MDI for Middle Time Period. 





FOL 71 75 428.6056 392.52 8.419308 
VHD 71 75 43.56338 38.46667 11.69953 
APD 72 76 23.55556 21.04605 10.65358 
MLD 72 76 32.21528 29.48026 8.489822 
APS 72 75 28.59028 24.98 12.62765 
MLS 72 75 24.78472 25.74 -3.85431 
TML 70 71 362.4571 327.0141 9.778552 
TAP 70 75 32.97143 28.49333 13.58176 
TML 70 76 20.78571 18.49342 11.0282 
APN 70 76 35.92857 30.45395 15.23751 
MLM 70 76 21.64286 19.43421 10.20498 
HML 71 75 311.9578 287.28 7.910606 
MDS 71 75 20.98592 21.29333 -1.46484 
MDM 71 75 16.77465 15.39333 8.234568 
MDH 70 72 44.59286 38.66667 13.28955 
 
 
Table 19.  MDI for Late Time Period. 
Traits N (M) N (F) Late Male Mean Late Female Mean MDI 
FOL 12 8 425.9167 385.625 9.459989 
VHD 12 8 44.25 38.5625 12.85311 
APD 12 8 24.41667 21.1875 13.22527 
MLD 12 8 33 29.375 10.98485 
APS 12 8 28.125 25.75 8.444444 
MLS 12 8 26.16667 22.875 12.57963 
TML 12 8 359.75 320.75 10.84086 
TAP 12 8 34.25 28.5 16.78832 
TML 12 8 21.16667 18.4375 12.89371 
APN 12 8 37.16667 30.9375 16.7601 
MLM 12 8 21.75 19.1875 11.78161 
HML 9 7 312.5556 281.2857 10.00457 
MDS 10 8 21.45 21.1875 1.223776 
MDM 10 8 17.1 15.0625 11.9152 
MDH 10 8 44.8 38.625 13.78348 
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In all measurements males are larger, except the maximum diameter of the 
humerus, where females are larger in the early and middle time periods.  Table 20 
shows the results of the ANOVA test between the periods.  Period is a significant 
predictor for sexual dimorphism for several traits of the femur shaft, tibia length, 
and tibia shaft.  The differences between the time periods could indicate increased 
nutritional stress or less division of labor.  The implications for the differences 
between the time periods will be discussed in relation to the other indicators of 
stress in the Chapter 5.   
Table 20.  Sexual Dimorphism by Time Period using ANOVA analysis. 
Traits N F 
Value  





FOL 235 1.16 0.3140    
VHD 282 0.30 0.7414    
APD 286 5.95 0.0029* 5.348925 10.65358 13.22527 
MLD 286 0.96 0.3838    
APS 285 3.15 0.0445*  6.95925 12.62765 8.444444 
MLS 285 0.26 0.7704    
TML 225 2.41 0.0924** 6.149777 9.778552 10.84086 
TAP 235 2.11 0.1241    
TML 236 1.68 0.1893    
APN 234 2.71 0.0685** 11.63501 15.23751 16.7601 
MLM 233 0.16 0.8555    
HML 266 1.35 0.2618    
HDS 270 1.17 0.3109    
MDM 270 2.28 0.1042** -0.19111 8.234568 11.9152 
MDH 257 0.66 0.5185    











 An analysis of the surplus variation gives the results of a comparison 
between the Pecos sample and the Larson sample.  The natural log of the 
determinants and sample sizes for each sample are presented in Table 21.  The 
results of the three tests of surplus variation are presented in Table 22.  The 
samples are compared with the Larson sample using 11 postcranial measurements.  
The Pecos sample is divided into Black-on-White, Glaze I, and Glaze II, Glaze 
III, Glaze, IV, Glaze V, and Modern periods both for pooled sexes and for each 
sex separately.  There are no results for the Modern males due to a small sample 
size.  The results of the analysis sho w a significant difference between Larson and  
Pecos for all time periods and across both sexes.  For Glaze V females and Modern 
females however, it appears that Larson has significantly more variation.  In  
comparing the determinant values the Pecos females from those time periods are 
smaller then the Larson females.  In comparing the determinants from the Pecos 
sample Glaze IV shows the largest values both for pooled sexes, males, and 
females.  In Glaze V the variation in the female sample declines, while the male 
samples remains high. 
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Table 21. Determinants of Samples 
Sample Pooled 
   N    Determinant 
Males 
   N       Determinant 
Females  
    N          Determinant 
BW, Glaze I and II 72 25.35675 29 21.63745 41 21.76267 
Glaze III 51 25.03487 26 23.35663 25 20.50911 
Glaze VI 58 27.15318 26 24.54104 33 24.13455 
Glaze V  32 24.93761 18 20.44304 14 14.24639 
Modern 21 21.29928   13 13.99659 
Larson 101 20.51423 50 19.26040 51 17.72427 
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BW and Glaze 
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F-ratio  





   0.0010 0.0002 0.0010 
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bootstrap  
   0.0020 0.0030  
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   0.0010 0.0010 0.0010 
Nonparametric 
bootstrap  
   0.0010   
Glaze IV       
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F-ratio  





   0.0010 0.0010 0.0010 
Nonparametric 
bootstrap  
      
Glaze V       
Zhivotovsky’s  
F-ratio  





   0.0010 0.0010 0.0410 
Nonparametric 
bootstrap  
      
Modern       
Zhivotovsky’s  
F-ratio  





   0.0010  0.0130 
Nonparametric 
bootstrap  
      




 A 2-parameter Gompertz model was fit using MLE in order to document 
the paleodemography of the Pecos sample.  First, I compared the models between 
the sexes.  The parameters and log-likelihood values are given in Table 23.  A 
likelihood ratio test comparing the samples indicates a significant difference 
between the sexes.  Figure 4 illustrates the survivorship curves of the sexes. 
In addition to comparing the sexes, models were also constructed to compare time 
periods.  The time periods are divided, as in the earlier analysis, into early, middle, 
and late periods.  The parameters for each time period are given in Table 24.  
Likelihood Ratio tests were also performed between the time periods, the results of 
these tests are given in Table 25.  The likelihood ratio tests indicate a significant 
difference between the early and middle time periods only.  The survivorship 
curves based on the models are shown in Figure 5. 
Table 23.  Parameter Estimates for the Gompertz Model for Each Sex. 
Parameter Males Females 
a 0.00090 0.002573 
b 0.114418 0.081613 
ln (L) -377.612 -830.086 













Figure 4.  Comparison of Male and Female Survivorship.  
 
Table 24.  Parameter Estimates of the Gompertz Model for Each Time Period.  
Parameter Early Time Period Middle Time Period Late Time Period 
a 0.001756 0.00183 0.001308 
b 0.093407 0.091769 0.10736 
ln(L) -280.66 -444.74 -84.007 
Table 25.  Results of the Likelihood Ratio Tests between the Time Periods. 
Likelihood Ratio Test Early and Middle 
Time Periods 
Early and Late Time 
Periods 
Middle and Late Time 
Periods 
ln(L)  combined -889.479 -365.535 -529.864 
Lambda 328.158 1.736 2.234 
p value <0.0001 0.6289 0.5253 
 
Females = ooo 
Males = —— 
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Figure 5.  Comparison of Survivorship of Time Periods . 
 
 
 The previous chapter outlined the results of the analysis performed on the 
Pecos sample.  The discriminant function analysis was used to determine sexes for 
the sample.  Next, biological distance was examined using both craniometrics and 
nonmetric traits.  Third, asymmetry and sexual dimorphism were calculated for 
the sample by time period.  Then, surplus variation was determined in comparison 
with the Larson sample.  Finally, paleodemography was analyzed for the sample.  
Early = _______ 
Middle = - - -  
Late = o o o o  
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In the next chapter the implications of the results will be discussed in relation to 






 The goals of this study were twofold.  The first goal was to evaluate the 
accuracy of Hooton’s initial analysis of the Pecos sample in light of recent studies, 
which found his results to be questionable.  The second goal of the study was to 
use measures of health and migration in order to interpret the paleodemography of 
the collection.  The detailed data collected by Hooton during his original analysis 
enables continued research on this important sample, even though it was recently 
repatriated and reburied.  There remains a great deal of work yet to be done on the 
Pecos collection.   
 The discriminant function analysis showed that in fact, as Ruff (1991) 
suggested, Hooton and Todd probably overestimated the number of males in the 
sample.  While Hooton reported the sex ratio of the population to be 60% males 
and 40% females, the discriminant function analysis results show the sample to be 
44% males and 55.7% females.  This estimation is very similar to the sex ratio 
reported by Morgan in the NAGPRA analysis and the estimation given by Ruff 
(1991).  One possible explanation for the difficulties encountered in the sex 
estimations is the change in sexual dimorphism over time.  The sexual 
dimorphism analysis revealed that the sexual dimorphism of several 
measurements of the femur, tibia, and humerus varied significantly over time.  
Perhaps due to the changes in sexual dimorphism across the sample Hooton over 
estimated the number of males in the populations.  In addition, as Hooton 
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suggested, “a possible tendency on the part of the laboratory worker to assign to 
the male sex skeletons of masculine appearance which were in reality female,” 
(Hooton 1930:31), this tendency may in fact have effected Hooton’s sex 
estimations. 
 A second method that was used to examine Hooton’s analysis was the 
biological distance calculations using craniometric data and nonmetric traits.  The 
distance matrices from these two types of data give contradictory results.  The 
craniometric data suggest that the population was uniform through time with a 
significant distance only between the Black-on-white period and most of the later 
glazes.  Therefore, based on these results the entire sample can be treated as one 
population, with little biological difference between the glazes.  However, the 
distance matrix based on the nonmetric traits reveals a very difference picture of 
the population at Pecos.  The results from the nonmetric data show a significant 
distance between Black-on-white and Glaze I, which would correspond to the 
evidence from the pottery that the Glaze I pottery was back in from a foreign 
source and completely took over the earlier production at the pueblo.  Glaze II 
differs significantly from Glaze I, Kidder hypothesized that Glaze II was an 
inferior attempt by more inexperienced potters to reproduce the Glaze I pottery, 
which gradually transitioned into Glaze III.  There is no significant difference 
between the Black-on-white period and Glaze II, or Glaze II and later periods.  
Glaze III and Glaze IV differ significantly, which corresponds to the apparent 
foreign origins of the Glaze IV pottery.  Glaze IV is also significantly different 
from the later glazes.  Glaze V was the pottery in longest use at the pueblo and the 
 69 
only pottery that originated independently at Pecos.  Glaze V differs significantly 
from all other time periods expect Glaze II and Glaze VI.  The structure of the 
biological distance matrix follows approximately the pottery chronology proposed 
by Kidder (1936).  However, because of the lack of a clear structure and because of 
the contradic tory results of the craniometric and nonmetric traits, the subsequent 
analysis used larger construction events at the pueblo in order to divide the 
sample.  Therefore, the sample was broken down into three periods.  The first 
period includes Black-on-white, Glaze I, and Glaze II, which was the time when 
people first arrived at Pecos before the construction of the pueblo began.  Glaze 
III, Glaze IV and Glaze V make up the second time period, these glazes represent 
the height of Pecos when the large pueblo was constructed.  Finally, the third 
period includes the time after European contact and after the pueblo began to 
decline, which includes Glaze V and modern wares.  These broader time periods 
are used in the analysis of health and paleodemography in the Pecos population. 
 The analyses used to examine the health of the Pecos population through 
time were asymmetry and sexual dimorphism.  The asymmetry analysis revealed 
the greatest amount of fluctuating asymmetry for all traits combined in the 
earliest time period, with the amount of FA decreasing through time.  This pattern 
is also seen in the combined values for the upper limbs.  However, the lower limbs 
show the greatest asymmetry in the latest time period with the least in the earliest 
time period.  The means for directional and fluctuating asymmetry have a 
different pattern.  The greatest amount of asymmetry for all the traits combined 
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occurs in the middle time period followed by early and finally the late time period 
has the least amount.   
The sexual dimo rphism was the second method used to examine health 
and stress in the population.  The results of the sexual dimorphism analysis reveal 
a similar pattern to the asymmetry results.  The mean MDI in the early time 
period is the least for all significant traits, and the MDI generally increases 
through time, with the MDI being greatest in the latest time period for all 
measurements except the anterior/posterior midshaft of the femur.  A small MDI 
is generally associated with increased stress in a population; therefore the early 
time period appears to exhibit the greatest stress.  The fluctuating asymmetry also 
shows the greatest stress in the early time period.  Following an examination of 
the health and stress at Pecos, it is next possible to look at the surplus variation 
present in the collection.   
 An analysis of the surplus variation in the Pecos sample reveals an 
interesting pattern between the periods.  However, in the early period the surplus 
variation is not significantly different from Larson.  Variation is significantly 
greater for all time periods of the pooled sexes and throughout the male samples.  
The greatest variation for pooled males and females exists in Glaze IV during the 
building the large pueblo and the establishment of Pecos as a major trading center 
between the Puebloan and Plains populations, when many people must have been 
arriving at the pueblo.  The variation among the females is significantly greater in 
the early time periods, but significantly less in the later time periods.  Overall, the 
female variation is less then or equal to the male variation across all time periods 
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and never exceeds the male variation.  Early European accounts of Pecos state that 
the people were matrilocal and that the women owned the pueblos and men came 
into the population (Kessell 1979).  The pattern of variation would seem to reflect 
this practice.  However, Hooton reported that the variation in the postcranial 
remains was most homogeneous in the early time periods and most heterogeneous 
in the later time periods.  The results of the surplus variation analysis do not 
support Hooton’s observation.  In addition, Hooton reported that there was no 
significant variation over time and subsequent researchers have treated the Pecos 
sample as though it was a single, uniform population.  The significant variation 
calculated in the surplus variation analysis suggests that the Pecos sample should 
not be viewed as a single, homogeneous sample and caution should be used when 
using Pecos as a comparative sample.  The differences in health and the 
differences in surplus variation can now be used in interpreting the results of the 
paleodemographic analysis. 
 The paleodemography of Pecos confirms much of the previously 
mentioned patterns from the earlier analysis of the health and stress patterns seen 
at Pecos.  The early time period appears to be most different from the middle time 
period, but not different from the late time period.  The decreased stress from the 
early to middle periods is likely having an effect on the results of the 
paleodemographic analysis.  It is apparent from the results of the analysis that the 
construction of the pueblo created a significant change in the people of Pecos.  
However, the significant variation among the time periods suggests that 
migration is also likely influences the results of the paleodemography.  The results 
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paleodemographic analysis shows the interplay between health and migration 
variation on the paleodemography of a population. 
 
Conclusions 
 There are many more opportunities for analysis on the Pecos collection.  
The current analysis could be improved if the infants and subadults recovered 
from Pecos were included in the paleodemographic analysis.  Furthermore, if the 
scores from the age estimations of the pelvis were available, a probability density 
function could be calculated for each individual, thereby reducing the error 
inherent in age estimations (Konigsberg and Frankenberg 1992).  Another 
informative way of examining the health of the Pecos population could come from 
an analysis of the types and frequency of pathological lesions and dental 
pathologies in the population by age, sex, and time period (Milner et al 2000).  
Further questions about the origins of the first people of Pecos could be answered 
if data from Forked Lighting and other early sites from the area were included in 
the analysis.  Perhaps the variation at Pecos could better be understood if the 
sample was compared with Plains and other Puebloan samples.  The addition of 
these types of data to the analysis could greatly increase the application of the 
Pecos data in answering questions about the impact of urbanization and European 
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